Additive Effect of ANRIL and BRAP Polymorphisms on ABI
factor κ-B (NF-κB) complex. 21 We recently found that the pro-inflammatory gene, BRCA-1 associated protein (BRAP), was associated with lower ABI in a Taiwanese population. 22 Similar to CDKN2A/CNKN2B, BRAP could modulate the activation of NF-κB complex. 23 Evidence shows that genes involved in the inflammatory pathway might have a synergistic effect on disease susceptibility. 24 Therefore, the present study tested the individual effect of BRAP and ANRIL on the ABI value, as well as the combined effects of these 2 genes. To test the effect of these 2 genes, we included our previous BRAP data and genotyped an additional 210 samples in the analyses. Because cigarette smoking is a potent trigger of inflammatory response in the process of atherosclerosis, 24, 25 we also tested the potential gene-environment interaction between BRAP/ANRIL and smoking on atherosclerotic risks.
Methods
The study protocols and methods were approved by the local Institutional Review Board of Kaohsiung Medical University Hospital. All participants provided written informed consent.
Study Subjects
A total of 745 asymptomatic, high-risk subjects with a family history of MI or stroke were enrolled from Kaohsiung Medical University Hospital between January 2006 and September 2010. The definition of a high-risk subject is someone who (1) did not have a stroke or MI history at enrollment, and (2) has one first-degree relative or two second-degree relatives who have documented MI or stroke history. Each participant completed a self-administered structured questionnaire that included demographic information, medical history, and medication data. Subjects were classified as non-smokers, former smokers and current smokers. Former smokers were defined as subjects who had quit smoking during the year prior to enrollment. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). Hypertension was defined as systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg, a self-reported history of hypertension or taking antihypertensive medications. Diabetes was defined as fasting blood glucose ≥126 mg/dl, a self-reported history of diabetes or receiving hypoglycemic medications. Total cholesterol was measured from venous blood after an overnight fast. Hypercholesterolemia was defined as total cholesterol ≥200 mg/dl, a self-reported history of hyperlipidemia or taking antihyperlipidemia medications. Among the current study subjects, 535 have been studied in our previous study. 22 
SNP Selection and Genotyping
Blood was collected for biochemistry analyses and genetic studies. Genomic DNA was isolated from whole blood using the salting-out method, which was standardized with the Puregene kit from Gentra (Research Triangle, NC, USA). SNP rs11066001 for BRAP on chromosome 12q24.12 and 3 SNPs (rs1333040, rs2383207 and rs1333049) for ANRIL on chromosome 9p21.3 were genotyped by the TaqMan method (Applied Biosystems, Foster City, CA, USA). The detailed methods for genotyping were described elsewhere. 26 The reason why we only selected 1 SNP rs11066001 for BRAP was because (1) we previously showed that it was associated with ABI 22 and MI 23 and (2) it is a functional SNP that modulates the transcription efficacy of BRAP. The 3 SNPs on ANRIL were selected from the data of the Hapmap Project (http://hapmap.ncbi.nlm.nih. gov) with a pairwise tagger method. The selection criteria were (1) tagging SNPs covering the whole length of the ANRIL genome (from chr22,073,404 to chr22,115,503) with r 2 ≥0.8, (2) SNPs were found to confer risks for CAD 27 and carotid atherosclerosis, 12,13 and (3) SNPs with minor allele frequency (MAF) ≥10% in the Han Chinese population. The genotype call rates of the 4 SNPs ranged from 97.6% to 99.1%.
Measurement of ABI
ABI value was measured in resting supine participants using the COLIN VP 1000 (Colin, Komaki, Japan). The validity and reproducibility of the device have been reported. 28 After entering personal data, blood pressure cuffs were placed on the patients' arms and ankles. Phonocardiography was placed at the second intercostal space over left margin of sternum. Two measurements of blood pressure at bilateral radial and tibial arteries were recorded separately for approximately 1 min, and the mean of 2 measurements were used. The right ABI was calculated directly as the right ankle SBP divided by the largest of the right or left brachial SBP. Similar measures were used for left ABI calculation. The lower ABI value between right and left ABI data was selected as the final ABI value for each subject. 29 
Statistical Analysis
Allele frequency was estimated by direct genotype counting. Hardy-Weinberg equilibrium (HWE) was tested using the χ2 test. Continuous variables are presented as the mean ± standard deviations (SDs). The relationship between individual cardiovascular risk factors and ABI was evaluated by Pearson's correlation test for continuous variables and Spearman's correlation test for category variables. We used multivariable regression analysis to evaluate the allelic effects of BRAP rs11066001 and ANRIL polymorphisms on ABI with adjustment for traditional cardiovascular risk factors (age, sex, diabetes, hyperlipidemia, hypertension, smoking history and BMI). Multiple testing corrections were performed using the max (T) permutation procedure for 10,000 times to obtain empirical P value by the PLINK software. 30 Rs11066001 on BRAP and the most significant SNP on ANRIL were selected in the further analyses of combined genetic effects.
To elucidate the potential gene-gene interaction between BRAP and ANRIL, we included an interaction term in the multivariable regression models to test the multiplicative effect. We also computed a gene risk score (GRS) 31 as a single measure to estimate the additive effect of BRAP and ANRIL on the ABI. The GRS was calculated by counting the number of alleles on the 2 significant SNPs. Each risk allele was assigned to be 1 point. Accordingly, the GRS score for a subject without any risk allele was zero, the score for a subject carrying only one risk allele at either of these 2 SNPs is 1 and the score for a subject carrying 4 risk alleles is 4. The average ABI on subjects of different GRS were compared by the chisquare trend test. We further stratified the subjects into subgroups by (1) sex or (2) their smoking status. The associations between ABI and GRS were evaluated by multivariable regression analysis in current smokers, former smokers and non-smokers separately.
We built several predictive models by adding traditional risk factors, SNPs on BRAP or ANRIL, or GRS in the multivariable regression analyses. These predictive models were assessed by correlated Akaike information criterion (AICc) and Schwartz's Bayesian information criterion (BIC), both of which were based on the maximum likelihood estimates of the model parameters. The best model was the 1 with the smallest value of AICc and BIC. The value of R 2 was denoted for the proportion of variation that can be explained by the model.
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TSAI PC et al. Figure 1 . Annotated genes and linkage disequilibrium (LD) plot of 7 SNPs on the chromosome 9p21. The box represents the core risk haplotype for cardiovascular disease (CAD) defined by Broadbent et al. 27 The LD plot was generated from the data of Hapmap CHB population using Hapview software (D', disequilibrium coefficient; R 2 , correlation coefficient). CDKN2A/2B, cyclindependent kinase inhibitors 2A/2B; ARF, alternate reading frame; ANRIL, antisense non-coding RNA. Additive Effect of ANRIL and BRAP Polymorphisms on ABI Adjusted R 2 (Adj_R 2 ) was used to compare different statistical models with consideration of the number of parameters included in the model. A 2-tailed P value of <0.05 was considered significance. Statistical analyses were performed with JMP software (version 9.0; SAS Institute Inc, Cary, NC, USA).
Results
A total of 745 participants were included in the present study. The distribution of ABI in our study participants approximates a normal distribution (P value for Kolmogorov-Smirnov test >0.05; mean ± SD: 1.10±0.07; range: 0.73-1.32). The demographic information, biochemical data and the association with ABI values are shown in Table 1 . The mean age of our study participants was 54.7±10.5 years (range: 25-94), and 54.6% of our subjects were female. Univariate analyses demonstrated that sex, hypertension, BMI and smoking status were significantly associated with ABI ( Table 1 ). In the subsequent analysis of genetic effect, we included all these significant covariates in the multivariable regression analyses.
SNP Data
Three tagging SNPs on ANRIL (ie, rs1333040, rs2383207 and rs1333049) and rs11066001 on BRAP were genotyped. The genotype distribution of these 4 SNPs was in HWE. Two of the 3 SNPs on ANRIL had strong linkage disequilibrium (LD) with other significant SNPs reported in literatures (Figure 1) . The MAF of rs1333040, rs2383207, rs1333049 and rs11066001 were 0.29, 0.31, 0.49 and 0.29, respectively, which were similar to the MAF of 0.31, 0.33, 0.51 and 0.29 reported in the Han Chinese populations of the Hapmap website.
Effect of ANRIL and BRAP on ABI
The average ABI value among subjects carrying different genotypes of ANRIL and BRAP SNPs are shown in Table 2 . SNP rs2383207 and rs1333049 on ANRIL were significantly associated with ABI values, and the risk allele exerted an additive effect. The risk G allele of rs2383207 and the risk C allele of rs1333049 were associated with lower ABI values. For these 2 significant SNPs, each copy of the risk allele was associated with a reduction of ABI value by 0.011 (empirical P=0.008) for SNP rs2383207 and by 0.010 (empirical P=0.015) for SNP rs1333049. For rs1333040, there was a borderline significance in comparison of the ABI values among subjects of different genotypes (empirical P=0.064). We previously reported that the functional SNP rs11066001 on BRAP was significantly associated with ABI values in a Taiwanese population. 22 To evaluate the cumulative effect of ANRIL and BRAP, we included our previous BRAP data and genotyped an additional 210 subjects. Similar to our previous findings, G allele carriers of rs11066001 was associated with lower ABI values (empirical P=0.036).
Combined Genetic Effects on ABI
We used regression analysis to test the multivariable effect between BRAP and ANRIL. In the regression model, both of these genes were independently associated with ABI (P=0.003 for rs2383207 on ANRIL and P=0.014 for rs11066001 on BRAP) (Table S1 ). However, we did not find a significant result for the interaction term (P for interaction=0.621). It suggested that these 2 genes had an additive effect rather than a multiplicative effect on ABI. We also used GRS as a single measure to estimate the additive effect of BRAP and ANRIL. The most significant SNP rs2383207 on ANRIL and rs11066001 on BRAP were chosen to calculate GRS. The GRS was ranged from 0 (with AA genotypes on both SNPs) to 4 (with GG genotypes on both SNPs). Each copy of G allele at rs11066001 or rs2383207 would contribute a 1-point increment in the GRS. We found a higher GRS was significantly associated with a lower ABI value even after adjusting for age, sex, BMI, diabetes, hyperlipidemia, hypertension and smoking history. Additionally, a dose-response relationship between ABI values and GRS was observed for all subjects (adjusted P=0.0001) and for sex-specific analysis (adjusted P=0.004 for men and 0.008 for women, Figure 2A ). Similar to our previous study, 22 women had lower ABI values than men did. For men, the average ABI values were highest for those with GRS of 0, followed by GRS of 2, and lowest for men with GRS of 4 (1.15±0.08, 1.12±0.07, and 1.11±0.05, respectively). For women, the average ABI values for GRS 0, 2, and 4 were 1.09±0.07, 1.08±0.07 and 1.05±0.07, respectively. We also found that the combined genetic effect on ABI was strongest in current smokers, followed by former smokers, and lowest in non-smokers (adjusted β=−0.059 and P=0.007 for current smokers, β=−0.039 and P=0.047 for former smokers, β=−0.018 and P=0.007 for non-smokers; Figure 2B ). There was a significant interaction between GRS and smoking in the multivariable regression model (adjusted P=0.037). 
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We built a series of regression models by adding traditional risk factors, SNPs and GRS. In the multivariable regression model, the traditional risk factors contributed to 6.6% of ABI variation in our subjects ( Table 3) . We then added rs11066001 or rs2383207 into the regression model containing traditional risk factors and tested the fitness of different models. The improvement in model fitness was supported by a reduction of AICc and BIC in the new model ( Table 3) . The model including GRS and traditional risk factors was the best model since it accounted for the highest proportion of ABI variation (8.7%) and had the lowest AICc and BIC ( Table 3 ).
Discussion
The relationship between lower ABI/PAD and chromosome 9p21 had been reported in other populations, but has not been tested in Asians. In this study, we first reported that rs2383207 on ANRIL was associated with ABI in a Taiwanese population. The G allele carriers of rs2383207 had significantly lower ABI values. We also replicated the association between rs11066001 on BRAP and ABI. Furthermore, we found that subjects carried risk genotypes at both BRAP rs11066001 and ANRIL rs2383207 had a significantly lower ABI value than other subjects. The combined genetic effect of BRAP and ANRIL was more prominent in smokers than in non-smokers.
ABI was used both as a surrogate for the presence of PAD and for the assessment of risk of cardiovascular diseases. The development of PAD was mediated by genetic determinants and traditional risk factors of atherosclerosis. The conventional risk factors including age, sex, BMI, hyperlipidemia, hypertension, diabetes and cigarette smoking could only explain less than one-fifth of the variation of PAD. 32, 33 The estimated heritability of ABI was higher than 20% according to the Framingham Offspring cohort. 34 Genes encoding for interleukin-6 (IL-6), fibrinogen (FGB) and intercellular adhesion molecule-1 (ICAM-1) have been reported to be associated with PAD risks. 35 The present study showed that both ANRIL and BRAP are risk genes for lower ABI values. In addition to the main effects of BRAP and ANRIL, we also demonstrated an additive effect of these 2 genes on ABI.
Although many studies investigated the genetic effect of 9p21 region on CAD, stroke, and MI, only few studies focused *Age, sex, BMI, smoking, diabetes, hypertension and hyperlipidemia. † AICc = -2log likelihood + 2k + 2k(k + 1)/(n - k - 1). ‡ BIC = -2log likelihood + k ln(n). k = the number of parameters (including intercept and error terms), n = sample size. § Adj_R 2 , adjusted R 2 by degrees of freedom. AICc, Akaike information criterion; BIC, Bayesian information criterion. Obbreviations see in Table 1 . Additive Effect of ANRIL and BRAP Polymorphisms on ABI on its association with PAD. 11,15-17 We summarized the relevant studies regarding to the associations between SNPs on 9p21 and PAD ( Table S2 ). The Atherosclerosis Risk in Communities (ARIC) Study failed to find an association between rs10757274 and PAD. 16 A large meta-analysis combined the data from Iceland, Italy and New Zealand reported a borderline significance between rs10757278 and PAD. 11 Another SNP rs1333049 was reported to be associated with the PAD in Italians 17 and Caucasians, 15 but not in African-Americans. 15 In coherent to the findings in other ethnic groups, SNP rs1333049 was associated with ABI in our population. The frequently tested SNPs (rs1330049, rs10757278, rs10757274) in the other ethnic groups and our most significant SNP rs2383207 were located at the same LD block (Figure 1) . For a complex disease, the effect of an individual gene is likely to be small and may be modulated by gene-gene or gene-environment interactions. Using Ingenuity Pathway Analysis (Ingenuity Systems, Redwood City, CA, USA www. ingenuity.com), we found the biological functions of BRAP and 9p21 might be linked by the inflammatory signal pathway ( Figure S1 ). BRAP is a threshold modulator of the Ras-Raf-MEK-ERK pathway. 36 When cells are exposed to inflammatory stimuli, the activation of BRAP will initiate a cascade of signal transduction and increase the NF-κB activity. The Ras signal pathway also affects the transcription of CDKN2A and CDKN2B, and these 2 genes could influence the activity of the NF-κB complex. 21 NF-κB is a well-known transcription factor that is able to regulate a number of inflammatory genes. 37 Therefore, the 9p21 region and BRAP may both contribute to PAD susceptibility via influencing the NF-κB-related inflammatory pathway. The potential gene-gene interaction between BRAP and 9p21 warranted further investigation. To note, we found smoking might modulate the combined genetic effect of these 2 genes. Similarly, a community study has reported that the inflammatory gene (IL-6) and smoking have a gene-environmental interaction for atherosclerosis phenotypes. 24 There are strengths and limitations of the current study. The combined effects between genes involved in the inflammatory pathway were rarely investigated in the context of ABI. Here, we firstly proposed a potential gene-gene interaction between 2 risk genes of ABI. Notably, our statistical result only supported an additive effect between BRAP and 9p21, but failed to find a multiplicative effect. Our data also supported that smoking exposure might enhance the combined genetic effects. Secondly, the relationship between BRAP and CDKN2A/CDKN2B on 9p21 was predicted by bioinformatics annotation. Molecular studies are needed to clarify the mechanisms underlying gene-gene interaction between BRAP and 9p21. In this study, we selected asymptomatic subjects with a family history of MI and stroke as our study population because they were high-risk persons predisposed by genetic factors. We acknowledged that our data may not directly support an association between these 2 genes and PAD because there were only 6 subjects fulfilling the diagnosis of PAD (ABI <0.9). However, a previous study had shown that a borderline ABI value (0.9-1.0) or a low-normal ABI value (1.0-1.1) was associated with an increased risk of carotid atherosclerosis. 6 Because ABI value could be the predictor of both PAD and other cardiovascular diseases, 2,3,7,8 our study supported a pro-atherogenic effect of ANRIL and BRAP.
In conclusion, we are the first to report an association between SNP rs2383207 on ANRIL and ABI in the Taiwanese population. Concordant with our previous report, rs11066001 on BRAP is a risk factor for lower ABI. We demonstrated an additive effect between variants on ANRIL and on BRAP. The finding of a potential gene-gene interaction and gene-environment interaction is interesting but needs further investigation.
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